SHILLINGFORD AND BRIGDEN
The high cost of electronic apparatus, the difficulties of maintenance, and the time consumed in operation, all limit its use at the present time in this country. Our aim has been to develop a simple method for obtaining vectorcardiograms which might be applied to routine clinical work. In this paper we describe an apparatus by means of which the two-dimensional projections of the spatial vectorcardiogram in each plane may be drawn quickly from the appropriate leads of any reference system, and we present an analysis of the vectorcardiograms obtained by this method from 100 healthy adults.
THE APPARATUS
The integrating apparatus consists of a scanning table which is joined by control cables to an optical head. The two parts are mounted on the same stand. (Fig. 1) .
The Scanning Table. A four-inch square of perspex sheet is mounted on a rack and pinion to form a mechanical stage, which is fixed near to the front of a wooden base so that the perspex stage may be racked in a front-to-back direction (Fig. 2) . The elctrocardiogram is held to the stage by clamps. The Optical Head. This is mounted on a wooden gantry twelve inches above the baseboard (Fig. 3) . The light of a flashlamp bulb is reflected by means of a right-angled prism through a plano-convex lens (Fig. 4) on to the first of a pair of surface-silvered mirrors. This mirror is mounted at right angles to the gantry and may be turned by means of a 2-5-inch lever to which is attached the end of one of the spring-loaded control cables. Rotation of this mirror is produced by movement of the left-hand mechanical stage. The light is reflected off this first mirror on to a second mirror placed close to and at right angles to the first, and it is so arranged that the beam is reflected on to a sheet of paper placed directly below the gantry and optical head. The mounting of the second mirror is similar to the first and it is moved by the control cable from the right-hand mechanical stage. Movement of the left-hand stage will cause the light spot on the base to move in a back-to-front direction, and that of the right-hand one in a side-to-side direction. Thus it will be seen that the voltage curve of two synchronously recorded scalar electrocardiograms may be scanned by each of the perspex fingers at progressive time intervals. These fingers move the mirrors and cause a deflection of the light beam which is an integration of the two movements; this might be compared with the deflection of the electron beam by the plates of the cathoderay tube of more elaborate apparatus. C indicate the bipolar lead connecWe have used the apparatus described to draw the frontal, tions.
sagittal, and horizontal loops of the QRS and T complexes from the scalar electrocardiograms obtained by this method. In every case limb leads and chest leads were taken for purposes of comparison.
(2) Integration into the Vectorcardiogram. A short strip of the simultaneously recorded scalar electrocardiograms is clamped on to the scanning table so that the isoelectric lines lie in a frontto-back direction, and the tracing obtained from the vertical lead is to the left (Fig. 2) . The crosswires are placed at a point on the isoelectric lines of the vertical and transverse leads (A and B) . The light spot is turned on and a sheet of paper placed centrally below the optical head; on this 236 group.bmj.com on April 20, 2017 -Published by http://heart.bmj.com/ Downloaded from THE VECTORCARDIOGRAM IN 100 HEALTHY SUBJECTS sheet there are ruled vertical and horizontal lines which represent zero potential (Fig. 6) 
CLINICAL. MATERIAL
One hundred healthy adults were investigated and the majority were men; their ages were evenly distributed between 16 and 70. All were clinically examined and found to be without evidence of cardiovascular disease. Patients with a blood pressure over 160 systolic and 90 diastolic were not included. The electrocardiograms were recorded with the patient on a couch in a semirecumbent position. Most of the younger group were drawn from medical students and medical staff and the older group were selected from otherwise healthy patients who were being treated for superficial neoplastic lesions by radiotherapy.
RESULTS
The frontal, sagittal, and horizontal projections of the spatial vectorcardiogram in health were found to have characteristic features (Fig. 6 and 7) . Their outline was smooth, with minor exceptions in some loops of the older age group. The rotation of the frontal loop was either in a clockwise or anti-clockwise direction. The length of the QRS loop varied from 0-06 to0l1 sec. and the apex was reached in 0 03 to 0 05 sec. The time intervals tended to be closely spaced at the beginning and the end of the loop and spread out evenly in the middle of the tracing. In the horizontal loop several of the time interval marks were superimposed on the isoelectric line. The T loops tended to rotate in the same direction and their axis lay in, or within a few degrees of the QRS loop.
The spatial vectorcardiogram was a narrow loop in the frontal view and was directed downwards and slightly to the right. The greater part was in the lower right quadrant but in some cases the return loop extended for some distance up into one of the upper quadrants. The ratio of the height of the outgoing part to the depth of the whole loop never exceeded 1: 4.
In the sagittal view the tracing was also narrow and directed downwards and slightly to the right, and since the vertical component is common to the sagittal and frontal loops, extensions above and below the isoelectric were the same in both.
The horizontal spatial vectorcardiogram was narrow and small as compared with the frontal and sagittal views. Lead B is common to the frontal and horizontal loops so that the lateral extension of these loops was identical.
In the older age group, a few patients showed small kinks which were never large in comparison with the whole loop ( Fig. 7C and 8B ). Ten selected loops representing the limits of variation found in this series are shown in Fig. 8 .
COMMENTS
We have not concerned ourselves with any of the fundamental issues of vectorcardiography or the relative merits of various spatial reference systems, but it is possible that the methods we have used might be applied to some of these problems.
The technique described has the merit of simplicity and the apparatus is inexpensive. It requires no special knowledge or experience for its operation, the three loops may be drawn quickly and the results are comparable with those obtained by other methods. The tracings made by this method are clear and considerably larger than those produced on the cathode-ray tube, and the direction of rotation is easily determined. The scalar electrocardiograms may be recorded and stored, and the loops drawn subsequently; the individual QRS and T complexes may be drawn separately and remain quite distinct. If desired, the scalar electrocardiogram may be photographed at faster speeds and at greater amplification.
The error introduced by the distance between the mirrors and consequent difference in magnification of two scalar components is corrected by one of the mirror levers being slightly longer than the other. Any distortion produced at the edges of the field is small because the distance from the base to the optical head is large in relation to the size, of the vectorcardiogram. We have found that ..238 The 100 healthy adults examined showed a variety of patterns, but these fell within limits that were not difficult to define-. The patterns were similar to those obtained by Duchosal and Sulzer (1949) when allowance was made for different polarity and direction of viewing. The normal patterns obtained from the tetrahedral reference system and illustrated by Conway et al. (1949) were also similar to those seen in our series. We have not constructed three-dimensional models from the plane drawings of the vectorcardiogram;. apart from their value for demonstration purposes, such models have not appeared to us to give information that could not readily be obtained from the drawings.
The loops were characterized by a smooth contour but a few from the older age groups showed slight irregularities or kinks although these patients were normal clinically. It is, perhaps, not irrelevant speculation to relate this loss of smoothness to degenerative changes in the myocardium.
SUMMARY
A new method of integrating scalar electrocardiograms in two planes is described. The apparatus relies on mechanical scanning of the electrocardiograms and their optical integration into a vectorcardiogram.
One hundred healthy subjects have been examined, using a parallelepiped reference system, and the scalar electrocardiograms thereby obtained have been integrated into frontal, sagittal and horizontal loops.
The vectorcardiograms drawn by this method resemble those produced by elaborate electronic methods. The loops, which fall into a well-defined range in position, shape and time relations, have been described.
We are indebted to Dr. J. P. D. Mounsey for help and criticism.
